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VA~r- 71-407 A 4

Physologc StessDuring 150-Hou
Double-crew Missions In C-141 Aircraft

H.RB HALE,,&B 0. 11AUMAx, D. A. HAitiS, E. IV. NVILI4A. 1,
R. Eý.. MirANDA, . N. LIJosE~.&Em. and B. NSmmiI
-USAF School of Aerospade Medicine, Brooks Air-FoeceBase,
Texvas 78235

HALE, 11. B., B.0. JIIITAll-N,4 D. A. HAutnis, E. WV. Wit.- tory and&:fiight-induiccd -stress, (c) to tIcst for relation-
LTMAPAS, It. E. Nfiimmm, J. Mi. IJosEF,\LO~ and B. N. SM ITlI. ship bctm "e flighit-stress severity and flight dtiration;

Phyiolgicstes~durng.5Olu~irdoulL'crw ti~soI inC- 41 (d) to test for relationship between flight-strcs~s severity
airraf. ArosaceMed '1(3)293299 192.and crew, position,, and (c) to ascertain wh~ether recov-

By use of a battery of urinary techniqucs, the, physiologic cost ,ronIh '
(stress) of-, prolonged- C-141 -flying -,operations -(either staged or cry _ m-hs~lght-stress .-vas~prompt or~not.
nearly. continu~us), was shown to bc niild'-to-muoderatc-in digreii.
Staged missioais, lasting, 5 to 7 :,days teiicled to be, less .stressft~'l
than doublc-ciew, nearly continuous 50-hour missions. In telaic Ma-~ ETHODS
4cr type of mission, two cxtitimely different-work/reit schedules, )ktdfo h rwmm
namely, 4/4 and 16/16 hours, induced sinillar dcgices of-physio. Urine specimens wyere coletdfott( rwncn
logic stress. Anticipatory -stress w~hi~ih was detected prior to bers at appt oximatclv 4-hour Itintcrva: ecptwii
double-irciv flights tended to'bc higher thtan the flight stress that prevntc(1 by s s ccpj hrn lgt l( otlgt wheni
followed. Crew positiojii ws~s a contributory factor, slightly modi- -~ C)p lrn lgtan otlgt'ci

* ying- flight 'and postflight trends. Pre-existitig circadian Periodicity ods. For the purpose of assessing anticipator-y stress, the
pristed, although flight had'inodiyn nlec.Tmso a first urinc collection in each mission covered'thd 2' hours

tbct iepresentiid night~at home were thc times of highest sensi. that preceded dleparture anidi the first -2 hours of: flight.
tivity to flight. Recovery fronm 'Prolonged, nearly continuous flying This overlap into the flight. period makes allowance for
operations appears to require 4-5 days, andl it appears to he a a a* htuiay tesidcsgeeal h
multiphiasic process, with endocrinte-mietabolioc depression appear- gwhtuiaysrs ndcsgnrly~i~, since
-ing first, after which therc was oscillation and- final settling at urinary changes tendl to be about 2 hours behind the
the control level. In one double-crew mnission, Mhen exi-6rdlinary physiologic ewents they' reflect.
fatigue was noted, there-had been a 12-hour pattern -of change The physiologic aspects under study all show circadi-
in thc -physiologic stress index that -suggested an "a 7erload" re. an periodiciiv under ordinary circumstances; therefore,

* action.
the urine collections had to be standardized-with rd&

-spect to- timec of day. To accomplish thiis-,synchlronliza-
tion, the different missions were all started in the period

TlI HIS RESEARCH WAS PART of an extensive effort q~f OSO-0(Y)O hours. The physiologic (data- are miost
Sconcerned with various physiologic andi psychologic meaningful wv! en vicw~a in relation to the' timec zone to

effects of -prolonged flyi~ng missions in which two crews which~ the crew members were physiologically enl-
alternately operated the aircraft. Ani earlier report' pre- trained, nainel), l11astern Standard Timec. The ,turinary

*sentedi oral temnperature data for the crews. The pres- stress indices were expected to show either entrainnment
cut rep~ort presents endocrine in(l mectabolic dlata. The per se or entrainment plus stress. To reveal each stress
objectives in this studyv were as folifow~s (a) to test for effect, the entrainmient effect w~as to be extracted mnathi-
differential effects of twvo wvork/rest schedules (4/4I eniatically by the uise of controlV (baseline) dlata ob-
hours and 16/16 hours), (b) to quantify the anticipa- tamecd fromt unstressed persons.

The stress indices w~ere as follows: norepineplirine,
epinephirine, 1 7-Injdroxycorticosteroids '1 7.OJICS)l, po-
tassinin, sodium, thev sodlium 1potosshnn~ ratio (Na/K),

'Tli % itwveitigatiow-ý,o. acnliplislied jointly by p~ersonnel in, (a) and urea. Stressors have stimlnulator%. influence onl the
the f, livironienntal ';ienencs Division aidic the Clinical Sciences rctlatory systemis of the body as well as onl fundamien-
1)ivis.in of the USAF~ School of Aer(ospace Miedicine, Brookcs rtgi ntbliativtcpriual teeeg-ces
AVI). TIexas. (h) Ileaidloritertc, Nfilitar) Afilift Ciio'liliald. Scott tlmtbocci'tispricllyhecryrceig
AFII, illinois, and] (c) the 3rd Military Airlift Squadron, Charles. (catabolic) processes. Urinary norepinepluine and
ton AFI1, Smuth Cairolina. The responisible inu.ld'wl officer for ep~inephrine determninatioiis- enabled indirect assess-
MAC was IAt. Cot, J. AX Martinez. Further repmwdi etiloll of this itient of activ'ity levels in the sympathetic nervous sys-
report Is atithorized to satisfy the needs of Ohe Unitei- -states enadtedraliduaescivy.Oep seo
Cos crunnwnt. Re~prints oma 1he obtained frWi ]lt%* 1 hn . Rol. PI t n h dea eulrsetvl.Oepaeo

* Ph.D., Enlvironimeald Stiiiies D)i-ion (SM'E), USAF Scolo ad 'rcnocortical activity w. quantified by melans of
Aerospace Medicine, Droolks AFt), F 'xas 78235, urinary 17-OIICS determninations.3I Urinary potassium

Rleprinted froiti Aewsm'ace.1tedickine, Vohlnme 413. Number 3. March. 1972



[ PHYSIOLOG4C STRESS DURING7DOUBLE-CREW MISSIONS- HALE ETA.

and sodiumi determinationis' enabled, limited appraisal sions were Averagcd, as were those for the three success-
t of mineral, metabolism, and the Na/K ratio served to in- ful 16/16-missions; Thus, a' tinie-series of 'values for eachVdicate-whether or not.theie is a weak or strong rogula- type 9f~misslon was derived for each~brew member., To

-tion of'the distribution and/'oi 'excretion- of these two1 test for -differential- effects -of'- the -work/rest sch edules,
-ions. Urinary urea,t acby-prodluct of oprtein catabolism, the data for'8,of the ciew mnembers wer6 used. The i toi--u
provided rough qýufntific'ation of protein breakdown bld-creiv is coiiisid~rei to 'ontaiin-'a2itcraft commaiind-
rates. Urinary -creatininec,t ýan index of-lean-body mass, cirs, 2 copilots,_2`fight-c:! ii6rs, and:2 navigators. Varl-
ivas used as an adjustinig fctor, not a,stress index. IB arice analyseid were pr & iaed, using-fIlight and,-post-
expressiiigAhe individual hormones and metabolites-as. -flight "data uut Ili" qothht dfeences. Only
creatinine-bas~ed ratios,;&'einfluences of 'the factors of, ýqucst o6naibl -evidenc- of differen'tiation was founid;
body sizD and age are ,minlimized. .Mor'eover, precise which was -imited, 41 urea (P <0.05)- and' Na/k (

timngofurnecolecios s ~n~esay. <0.05). We- cdneluc'. therefore, that endocrine-ineta-
bolic. activity I&Vcis related -primarily to factors other

RESULTS ithi~nthe work/rc-'~ sc'hedues; Pooling of' the -4/4 and'
I - I61dt -wsiif osd redrasoniable. The pooledC-141 Double-crew M 'aagae in tm-sris -of flight valt es (along

Throp- of the miissions employed thc Short work/rest wth a singlesec ies' , 'f postflight values) for each of the 4 -
schedulo (4'/4 hours). Four oiiirs employed the long crw po6siti.)s u o h -crewv as a:--whole (Table
work/rest schedule (16/16-hours). One of the latter ad )The fli'r h~ne~~r able I contaijis vallies for

missions~ wa temnae p~iau y owing to o'ver- each of the J I Jmc. secoments in the 50-hour flight,
ftgue, so it will be,'reported's~parateiy. As the first stp whra thi.*tligtsre a ny 4 ~aus hs

in the organization and analysis of the uriuiary data, d for tmso~~:slwieuns.TeuieSciin
L ~~~the,-six succe -s s 'ful-m is sio 'ns,Abose-obtaincd-atceach point -for- the nbett),i A',(sleep)- portion of- each postflight day

in time for a-giv en individual during did~ three 4/4 1fl15 (2'200 to 06. -'.us-dr mt ed clibeiately, as it was
thought tligni o. p~disruption-for the purpos* of collect-

Detrmiatinsmad onattomlt~I fam plotoetr-(nstu. ingurine ir itwaffcct rccovery -,ates adversely. Using,
-inentalion Litborit6'ry, Inc'). or,' y the da' 0- 'at represenit the pari of tlie day in wvhich
tDoterminintioiss mnade ol *AutoAnalyýzer. -Wakrfull 'he normia',phys-ologic- state, meaningful

TABLE: 1. SUMMARY OF REIJWSi

TIME OF DAY STi ý,SANDFX

'-PERIOD (EST) NE E 17-OIICS ks Na, Na/K.ý -Urea

1000 5.48 1.04. 3S: 5.ý- 16.97 3.43- 1585
14100 6.10 1.42 354 ;3- 15.14 4.04 1616
1800 4.6-4 1.20 288 L40- 14.29 4.66 k'110

21200 3.93 0.96 218 -20- 12.10 6.33 \1327
0200 3.46 0.81 163 2:'27 10.38 5.42 0275
0600 41.34 1.10 213 6'04 0.41 5.01 1ý19
1000 .1.72 0.97 341,. It; 3 12:82 3,92 13-f I
1400 5.37 1.09 387 -4.26 13.29 3.47 1417

rd1800 4.0.2 1.31 374- 41.24 13.66 31.73 1410
2200 3.63 0.73 2089 2.66 11.40 4.61 1218
0200 3.67 0.85 -19(, 2.64 9.97 4.49 -1249

-00 4.98 1.15 '20a, 2.81) 10.10 4.31 1357
1000 5.47 1.09 371- -4.80 12.19 2.81 1454

(mlean) 04.02) (1.10) (3^ýl (3,86) (13.46) (4.11) (1442)

1000 2.02 0.66 268- 4.48 6.73 1.55 863
1400 3.20- 0.34 258 4.83 8.72 1.95 1044
,ý800 3.42 0.68 200 '3.90 S120 2.36 1082,
2200 3.29 0.73 168 3.30 8.40 3.37 1129

141000 3.83 0.76 i~t13 4.84 8.0-4 2.09 1200
14100 3.32 0,73 266 .1.81 9.63 2.24 1185

-'9 1800 3.52 0,69 214 4,.08 10.04 2.88 1222
2200 3,97 0.8-1 163 2.66 8.95 4.25 1256

1000, 3.07 0.67 176 3.99 7.80 2.28 1120

Ea:4ch %,.line represent% 8 crewinmbers and 6-mdishions. Nr'repinephrlne (NE), cepinelibrine (E), ands Porter.
Silber c~rnniogeus (17.OlIC'3)-are oll vxpreised as jt/100 ing ciecstinlne. Potmsilunt (M arid sodinim (,Na)
are exlncssed~as ni~il/10O mg civatirstue. Urea Is capre~sed as tIng/IOU Ing creatirrirre. Within 1110 flight period,

- ~relationship to-Urro of day ssas detected for NK (V<.005), 17-0JICS (1'<.0C1), K (I')<.001). Na (P<
.01). Na/K (11 <.001), and urva (P <.001). Ili tile Ik~stligIt period, time tren'is %%vi estahlishesl for 17-
OIICS (P <.05), K (11 <.025), and Na/K (17-<.005). 1)lffercinvs In thou trends inrfliglst anti postflight
trends were detected bor 17-OIICS (P<.05), potassium (11<.025), X8/K (P<,('01). and urea (P<
.001). Based on overall means for fllght-porstfilht differences. stgniilcont'variation was found for NE (P <
.005), E (P<.025), 17-OIICS (P'<.005SX Na/K (11<4035), and ureai 01<.005), but not for K. The
"Rlight mleans" and tho "Postflighti snicas" Ini this table were derived frwnn 1000-2200 values.

294 Acrospace Mclctakne @ March, 1972



PHYSILOGI STRESS DURING, D)OUBLE-CREW MISSIONSý-HALE ET AL.

ýflighlt-postflight variation was. detected 'for all of the vaiisindices. the .sodium rcspos consistentl out-Lphysiologic Variables. Mý,ost of the flight v'aluesi(means fiinked Al otheit, and the.17-OHGS response consistent-
,for the, 9 selected times in -the -flight periced),, when exý ly remained-at the bottqm of th, list. "Excp for 17-
pressed as percent deviation Ifrorn the respective pos~t- OHCS, all'of the indices show%';higher. responsiveness on,
flight values, tended to 'clump around~one'Ievet-Spccill- the first day of flight than on,.tbb second day, perhaps
callyi, the epinephrine and 17-OFICS deviations were because of anrticipatory ~strcss,(scelIater comment).-Thie
+59 and! +55, respectively; the sodium, and Na/K de- -17-OHCS pattern-of 66rnge during ',h flight.pro
v'iations- amounted -to +56, and +61, respectively; -the suggests adrbnocort'ical unresponsiveness ý-to fi-
ftorO* nphrine deviation was +45; andithe urea devia- tars on the-fsLdy thovgaerspnine d-

-tionwas,27..veloping subsequently.-flight duration cividentlyý acted
To rovide perspective,, data are pt~sented in, Table as, a potentiating factoiin this particula ae ysm

-collected 4-hour urine specimiens, durinig -a dlay of for the 71ýdifferent indices, an ovcrAll-endocrine-mnetabol.
-ground. duty, that was -noVjprecedcd by a day of flying ic index was derived, which enables -characterization, of
duty. The mean. values ~prcsented in this table foir the And comparison of early itnd late tendencies in' the flight
control an] lexperimientAl groups each rep~rese'rt the, 16- and 'postfligh't periods.'On this basis 4 the-first flight Iday
'hour, period (0000 to- 2-2'06 hours, Eastern Standard appears to have~been the more stressful of the two,,and
Time) Jn wvhich wakefulness- is the usual physiologic near-stability (at virtually the baseline level) is ~ndi-
statc. The-differ~ence between each- flighi, (or postflight) cated during the M-ay postflight period. Rccovrexy from
valuec-and the cor'responding control valiue has been ex- this long-duration, flying opecration evidently Ilnvolved
Pressed .as percent dev'iation from that control value. sympathoadrenoinedullaiy and adrenocortical 'depres-
TI.is treatment iiot only 'extracts thccentrainment effect, sion, for there was sustained' negative deviation for
but it also places the 7 stress indices on-a common scale. epinephrine, norcphiephrinc, and 17-O1CS' duringi the
DIiistincet-gradation'-ii-inesponsiveniess--is -evident fdr-thc postflight period-. The rcintiin-Ing Indices, w ith the excep.

TABLE 11; FLIGIIT.POSTFLIGIIT VARIATION[ (Data for Period of WVakefulness)

FLYING GROUP (nl 8)
CONTROL ~ ~ - - -

STRESS GRfOUP FLIGHT FLIGHT POSTFLIGI1T P'OSTFLIGHIT
INDEX (a=10) DAY I DAY 2 DAY I DAY 2

Sodium, mq7.SI02 1.1.54 8.03 9.39
(.1-9%) (..08%) (+ 8%) (2%

Epinephrine. gg 0.81 1.30 1.02 0.73 0.70
(.1.00% (+26%) (-107e) (

Na/K 2.98 4.02 3.93 2.29 21.80
(+55%)W (4-132%) (-23%) (_ 4%)

Urea, aav, a09-- 1534 1347 1054 1218
(+j40"") (+23%), C % (+12%)

Norepinejhriur, pg 3.78 5.04 4.07 3.21 3.60
(.03%) (+24%) (-1570) (- 3%)

P'otassium, 111% 2.05 3.81 3.67 4.13 4.10
(+129%) (+24%) (+40%,% ('+39%)

17-OIICS, sig 293 300 340 224 214
(+ 4170 (+18%) (.1)(-27%),

(Mean Deviation) -(+45%) (+317)0 ( 4%) (+ 5%)

Fach v-alue Is the mean for the 10.laour period in which \%akefuioess is the anorioni-stato ('0000 to ý1200
hours BiST). Except for Na/K,,each vhale n. creatinine-based ratio (amount/106 .ng creatfuine). The %
,deviatio~n-from tire rorresponditig c-ootrmml value is %hlmuv in vareutlmrsts beluo~ aw e~riuo v~alne.

TABLE~ 111. FLIGHT VARIATION

(D~ata for Nocturnal Periodl)

CONTROL GROUPS FLYING GROUP (n =8)

STRESS NONFLYER FLYER FLIGHT -FLIGHiT
INDEX j~i=12) (n = 10) NIGHT 1 NICIhT2

EpInephrioe, pg 0.45 0.56 0.98 (+75%) 1,00 (+ 797o)
17-O11CS, p~g 107 lie, 169 (.+03%) 234 (+102%)
Sodiu1m, InEf 7.4i3 0.18 9.90 (+09%) 10.04 (+ 02%17)
Nnrepinephrine.,g Z.13 2.50 3.90 (+52%) '012 (+ 09%0)
,N"/K 4.10 3.00 5.23 (+45%) 4,40 (+ 227%)

-1'~taMiui, usEq 1.93 1.82 21.200 (+24%) 2.72 (+1 507o)
Urea, mug 1077. 1108 1297 (+17%) 1303 (+ 18%c)

(M64 4cito)-- +8)-( 57F.)

Earl '-,Alo represents the 8.hour period normally given to sleep (2200"lo 0800 bours EST). Both of the
control groups slept during this period. Except for Na/K, each value Is a creatinine-bascd ratio (aniount/100
ing creatiolne). Th ' ,~ do -.atiojn froms tlw corrcsplluding fl)'er control value is shownt ini patcnthescs beside
each experhmental value.

Acrospacc s'ted (chi 9 Mfarch, 1972 295
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tion~of -,potaissum, tended to approach theirl'espective conclude, therefore, that they both represent ~a stress-
-baselines during the postflight period, thereby ifidicat- free state. Variances are not considered, since-the fly~ers
ing that most of the flight~effects wevcrreadily reversed, who made up the control group-were studied onai single
Potassium, however, showed a - sustained-,increase, over test night; ,whereas the nonflyors' were studied repkeated.
the levels found in the flight period, apparently denot- ly.
ingrpesidual or secondary nonispecific stres Is. -Stress severity during-thc noctuxin',iaI:period1,,as jutdged:ý

Table III presents- the deviations. frow,'. "baselines by 17-OIICS output, wvas greater than that'in the-period
fbund~jor the individual (and the overall) strcs§,jndices of wakefuilness (so-called, "daytime").- the 17-OHCS re-
during the nociurnaf&p'rtion of~each flight day (Eastern spoiisi to flight on the first night wvas next to the highest
Standard Time). The 10-flyers who -provided control of the 7 indies, and it 'increased as Aflight duration, in-
data for. the earlier'portion of the day (the period-;of -creased., -Thus, there is ýbasic agreemient between thc-~
wakefulness) also-provided the -nocturnial control data, nighttime anid, daytime adrbnocortical'responges in that
breaking' 'their sleep on the test -night at the end of 4' each indicated-that flight duration was a -positive, con-
'hours and again at thc end of 8 hours. Their 'uriieica.cl- tributory factoir. The relatively high- 17-OHOS re.5pon-
lection schedule wvas, therefore, the same 'a's that used siveness evident in the nocturnal period probr.i~y re-
by, the C-141 dbuble-crcwv during flight. The second gct late's in-part to the added factor of sleep deprivation.
of nocturnal control values in Table III repiesents '12 Norepincphrine also suggests higher responsiveness
mepmbers of the laboratory staff, each of wvhom collected during the, nocturnal',peri6d than- during, the wvakeful-
one overnight -urine, specimen per wveek. during the 13 ness period; and like t7 .01105, porepincphrinc showed
Weeks of spring, the season in which t'he C-141 test intensification in nocturnal responsiVeness as~flight'dur-
flights wvere flown. These control specimens, however, -ation increased. Epifiip~hrine responsiveness at night
are representative of unbroken sleep periods. Despite was consistently above that ,for the earlier part of the
the difkerences iii collection gchedufleis,-the two sets of' day, but it did- not Show relationship to -'flighit: duration..

control data show close agreement irn alL.~respects. We nor did it follow~ its owni daytime -iatteni. Potas-

TABLEJ1IV. AN'TICIPATORY-STRESS VS FLIGhT-STRESS

STRESS BASELINE FLIGHT VALUES POSTFLIG:IT-
INDEX VALUES INITIA M MIDDLE FINKAl; VALUES

Norepinephrine, pg 3.72 +47:' +27ft *.-47 -27
Epinephrine, pg 0.71 +131' +37 .34 - 7'
17-OIICS, ps. 360 + I - 3 + 3 -26

ftPotassohrn, mnEe 3.52 + 53 +J30 +27
Sodium, tnEq 7.23 +.135 +63 +73 - 7
N~a/K 2.18 + '57 .1-80 +20 "20
Urea, rog 1170- + 35 +15 +24 -18

Ji-Mean Deviation) - + 66 .131k +38 -12

E~cb yaluo represents the 4-hour period 'fromn 0600 tof1066 houir%', (;.ST). Each liiight (anti postflilght)
v'alue has been eipressed as percent deviation front the respective baseline value. Control values, are
creatinine-lbased and represent 10 other flyers on a da,y of groiuio dut,-.

TAB.LE -V. STRESS-SEVEIIITY IN RIELATION TO CREW POSITION

CREW -P'OSITION CREW
STRESS INDEX PERMI) AC FE Ci' NAV MEAN

Sa'u/raiieiht 13.33 (+82) 14.42 (q.94) 13,05 (+75) 12.86 (+73) 13.46 (4-81)
ft(mEet/lOG ing) Pomtflight M.7 (+023) 0.70 (+30) 7.53 (4 1) 8.08 (+ 8) 8,62 (+116')

Hpinephrine/Creatinine Flight 1.34 (+03) 1.03 (+27) 1.14 (+11l) 1.11 (+37) 1.16 (+43)
('4R/100 ing) postflight 0.87 (4 7) 01.77 (- 5) 0.63 (-22) 0.66 (-10) 0.73 (-10)

Na/K Flight 3.30 (+1-) 4.64 (450) .1.67 (+57) 3.8-1 (+20) 4.11 (+38)
(mnEqlmnEq) 1'ostlllght 2,40 (-10) 2.88 (- 3) 2.01l (-12) 2.30) (-23) 2.35 (-14)

Urea/Creatinine 'Flight ý1403 (+20) 1527 (+40) 1397 (+28) 141309(+32) 1442 (+32)
(mng/lOG Ing) P'ostflight 11335(4 4) 1240 (+14) 1012 (- 8) 1131 (+ 3) 1134 ( + 4)

1'ota~slon/Cru~tiline Flight 4.68 (+5ýD) 3.30 (+19) 3.31 (+13) 3.02 (+33) 3.86 (+31)
(niEq/100 nmg) p'ostflight 4.25 (%+44) .1.10 (+39) 3.30 (+110) 41.53 (+31I) 41.10 (+-39)

Noci~peieCetose Flight 3.08 (+58) 41.60 (+2-) .IMn. (+13) .1.73 (+25) 4.P'2 (+30)
(OnEq/1100 mig) Poetfliglet 4.00 (4 6) 3.30 (- 3) 3.0)0 (-10) 2.80 (-21) ,1.36 (-10)

*17.01ICS/Creathiolni Flight 307 (+25) 314 (+ 1) 347 (+18) 203 (4 1) 331 (+13)
(pUg/100 1110 1'ostiliiht 221 (-21) 231 (-21-) 203 (-30) i81 (-38) 214 (-27)

(MC31i Devlntion) Flight - (+47 ) - (+38) - (+35) -(+33) - (+38)
Postflighet - (f 6W - (+ 7) - (--10) (3) -( 0)

V'altes for th lndlklditl cren% poit.,ons e.tuh represent 2 crewmoecobvr, 6 mso~imrsu, mtid 0 "dantime" ~cterinionatiom pee- ere\ -"(niebr. Fmch period lasted
30 houtrs, anod tles pheysiuI'egit derlelenigntlo~n terc .1l1 muled deuriag thue period oef %Nakcfstl,,e.s ý(iGO-22'00 hour,, E8TM. Vaelw o" iin renthtses indicate 17v
deviation from a baseeline vanlue (see text).
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sium 'deviation on the first-night approximated the lgvel stress l1evels, A relatively steady state is evident duriig:
found during~the first daytm peid iu ht for the -the flight period, for-the-midddle afid' final fligt values

seodnight was high relative to its daytime-,value. So- tend~toi-agre6. Sym-patodenmdllry hyperactivity
diu deiatonon he~lrs nght, was low compared- io (see norepiehn and epin'-'phine),.was a profidnent
its~~~~~ ~~ datm au; u ntescn ihitpprbxi- feature Iof the aniticipatory -stress as 'ivell as tI Ri~

lbated' -the, corii-spopding. :dav'tfin vitlue. The noc- stress, but'there Was neVer- evidence, of 'accompanying
'trnc'; a, responses, were conitstentlyllow relative to adrenocortical'hyperactiviWy.

ay"timie values. 'The' Na/K rafliuk'at night f ollowed the- To test-for po'ssible differences for crew positions, the
pattern' z~t change seen in dayti-nit§periods, -namely, a' serial data presented in Table'Iwere reorganized. The,9
decline' in responsiveness with, time. The noct-irnal "daytime"-fligh values for a'g'iven stress index were av-
Na/K deviations Were both'sifghtly lower-in magnitude' eraged, _as-,ere the 9 corresponding postflight values
'than the'correspondinig day deviations., Collecti~vely, the (Table V). 'Epinephrine differentiated' crew po6sitions
7 stress indicesý (see mean deviation) indicatie progres- (P <0O.05).. The flight dab Wye suggestive evidence in-
sive Stress-initensitk in nocturnal, flying. This pattern of dicatinig that' theI aircraft commanders collectively ex-
variation'is opposite to that for diytiiiie flight. perienced', slightly more - severe stress than the. others,

For -the 'purpose, of characterizing the anticipatory And the others were nearIy-matched in this respect. The
stress, each of the values obtained'at ,tthe initial'flight postflight-datai suggestlo~w'-grade residual stressjfor'the
time (1000 hours) -was expresseid as perceent devi Iation aircraft con-imafiders and flighi' drngin~eers, ~while the
from i baseline (control) value. The derived values ap- otlicrs~showv evi dence'bf'mild physiologic depressliiz..
pear in T able IV, along with values obtained at 1000:- To study the after-effects 9f'such long-duratio~n flying
hours on the, second. and third flight. days.- And'on the aperati6nsisinn one occasio'nthe potfligigt period-was ex-
first postflight day. The initial flight values were ex'- tended to 5 deys, during which time thle members of the

'peced o- rflet mdnlythepsychogenic 'stress -devel- -doublc-cr~~v 4co -iect d dAytime- urine seieia 4
oped in thc preflight period, since urinary indices have hour intervals. 'The mean deviations in Table'VI shdWv
an inherent lag.,.The middle and final flightwvalues serve variation that seems meaningful. First, thy provide evi-,
to characterizev the flight-induced stress, and perspective dence of a steady state, during, !he, flight period. Subse-
is ga ined by the use of the postflight data'. Theý mean quently, an oi'ciflatoryý'trcnd is 'evident, wvhich suggests
dleviations vary in a way that suggests that the anticipa- that recover fr in long-duration flying operations in-
tory, stress level was about-2 times greater than the fligt- volves tempoiry-' endocrine-metabolic depression, fol-

TABLE Vi. RECOVERY FROMN FLIGHT STRESS

STRESS FLIGHlT DAYS' PSFIGHT DAYS
INDEX 1 2 1 3 4

Soim+61 +77 0 +8 +101 +87 +37
Uct+33 +20 -18 +17 +18 +21 + 4

P'otassiums +20 +38 +61 +52 + 45 +57 +68
'N's1Plnep1)rine +28 +43 -33 -20 + 28 + 2 -21
Na/K +19 +18 -42 + 0 + 58 1.15 -,q4
I7~ppcs +14 +135 -~26 ... 25 39- .~ -32

(NGehn Deviation) +36 +33 -12 +12 + 3b +25 + 1

P.,ch vaslue rcsrescists the '10-hour periodI front 0600 to 2200 hours (EST) and Is exprcswd as percent

d~ev~ain~o'nfroin ri'baseine value. The" baselinse valuý appears In Tasble It.

SLUG-hIALE ET AL-Aerospace Medicizw.-Fcbnosr',.3522

TABLE V'JI. STRIESS RESPONSE OF OVER.FATI&.!1E1 FLYEYRS

STRISs IMAPSM) TIME (hIOURS) 34-IIOUR
4 NAXFLIGHT 26 30 34 MEAN

Norepinephrirse Successful 45 .4- 27 +29 + 21
over-fatignuing +09 +11.1 + 8 + 63

Ppluephrinc Sticcemful - 52. + 16 +31 + 40
Over-fatigning +158 + 81 +.2 + 87

17.OiiCS Sumcssful - 7 +1 473 + 30
Over-fatiguing + 8 2 +.52 +. 42

P'otassiumn Sneecisful - 1 4.1 +.32 + 11
Over-fastliping 4. 34 +. 3s +21 + 52

SodI11m1 Sliccessful 4- 87, + 25 +w2 + 61
over-fatiguing +148 +1 40 +64 +102

NaKSuctesSful + 78 4+ 33 432 + 41
UraOvcr-fastiguing + 76, 4- 2 +18 + 27
UraSumcssful -7 + 16 4.22 + 19

Over.Iatfigmlng + 23 + 42 +23 + 35

'(Mecsu Deviation) Sticwsful + 8 + 15 +-14 4- 33
Over-fIaitiging + 78 1. 453 4.27 + 58

Each vattue is cxp'r~sscd ass Iermet deviation froin a baseline value.
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'lowed by aq period of-ht pe~st enzp~fe indicate~`0f oreintense stress in the over-fatiguing flight
stressý, with reversion ti-f:the belninly hster -tha~n iintj successfulziliglit.-This tAble also presenits Val-
,isev-idence indicatini.th~it futll tcc6Vrei -euied5 days. u - 46i,-lkectiowiieriods -ate in'the overifatuigfgh

Evideice of -over.fatigt.e in te-ai~~evmembeis. (alh~ig,-with~tlic cqefrmspniing: values for-Uie-successful,
was iote in one of the ti~t flights, sand ih lic s silwwas, Tight) tfor, the -puirps of brnigottecaater of
termina'ted% (aborted), atý ihe 34th ho~ur.. Ak ýý'lakc-upi" the endcriine-metabolic trend during the 12ýhour, pep-
fhligt Was flown on~a inuchjater occasion.-Sincethe two od in 'whiecir-the f~tiguc- in the, ufisuccessful-flight,,must
fllghts'were the~same witih respec It to itinerary and, to, 'laVe becn- dcvelopi . g -Theý three mcan deviations in the

work/riest schedule, and since the, t rew, that, suffered' sucess sful'fi.fii h, ici~cwasedqlrogress ively, Where"s those

For onvniece, ll alus obaind fr. giyn,-hy~- faigud goupsuggests all "'ove~rload" reaction.

averaged, awrthcorsodnvausit6,ac, C1--Sbingle-crcwe Sta'ed'lsim
sccessful flight. these values appear 'i n table VII. Physiologic data were collected for otherC-141 crew

Wifth ,.e exception of Na/K, each~of tbe-stress indices, -ieciiberS during hi 5-day Staged missison of, the type'that
TABLE III. STRESS THEINDS 

7DURIUG 5-DAY STAGE!) MISSION is- typical -for MAC. On the first day, urine specimens
_____ _________________________ Were collected duiring'flight for each of the 5 crew-mem-

I STRSS STGE hers 'at timecs of day. corresponding -to 2000, 2400, 0400,
IDEX 1 3, 4 and 08D0 hodurs (EST), The-collection times during flight

oil thle S41condday corresponded'to 0300, 0700,' and 1100
+41 4 + ~1 hours,(EST). There was no flying' on the 4hird~day. Q

Ep-inehine +4-1 .1. 2 +I18- -+ A9 tl-f~rll _di)n~cl creZ ZblCS +22'~~,n IL2 tie- 1064nthq dET.~~ iri ::;c'i:fn flight cre
S~dhIOS +10 -s-SO +139 ~ '~ sponded~to:2400 -iid 90hrs(Swhltoefr

Na /K + 61 3 + 40 - 2 the -final day ccý-esýbnded l,'- fIi00- and 0200 hours
Urca +0 +7 +49 +2 (ET.Aa 6-4igpoeuedlymeans were
(Meats Deviation) +1- +5 +2 1 cmue o ab0yilgcvral.Control~values

( whcWere obtained- rom other men at(rrsndg
Each v~alne is epeldrpecndeito rniscssntiol vau.tms fday), were also averaged to give 0;lily values.

Nx;eahmean test value was expressecd as percent de-
TABLE Ik. STRESSTRF.ýDSS DURING 7DYSTAGED MISSION viation from the corresponding control mean. As shown

-i STAle Vill, the deviations (individually or collcctive-
STRE-S- ly) provide evidence of stress of wvidely different degree

INDEX 1 3 4 5 6 onl tile different days. Thle mean deviations~ suggesti ifiiir
Norepineplirine +24 + 14 +-ý64 -49) + '0-I thle stress was mildest~ah thle, first day and most intense
I4-1ISiehin 03 4155 __509 -50 -o 50 onl thle fourth day (a day speint in or near a'combat zone
Potassiuln + 7 -14 +11.1 +14 - 3 +18 hi Vietnam). The grade of stress on tile final day was
Sodhium +82 + ili + 84 -- 19 +25 +2'8 less than maximal, but not as'low as that' on the second

Na/K 4.85 + 91 8 -7 +41 + 4th vausnTblVIIwr
UNAe, + 9 + 11 +~ 13 + 9) +16 +11 'day.;Since tuediferent dailyvausiTblV11wr

(Mea Devat~o) +2 + 1 + 5 -I +10 0 drived-from unequal sets of data, the day-to-day -trends
- -- arc), of course, subject to question. As,,a means of offset-

TABLE X. SINGLE CREW VS DOUBLE CREW

.;TRS TIMIE Or~ DAY 16.-hOUR
IINDEX CREW ,2000.2200 2400-0200 0400-0000 0800-1000 MEAN

Sorepinephrino Single -M' +29 +- 18 10 +10
D~ublol -'3 +24 +10) 4- 10 +33

Epinephsrine Singhe -10 +44 + 11 +138 +46
Double + 3 +40 +149 0 +50

17.011CS Single + 9 +52 + 37 - 0 + 13
Double - 3 +.to + 74 - 5 +29

Potassiums Single +"9 +28 +9 - 38 +10
Dofible - 3 +-22 -5 - 3 + 3

Sodium Single +. a + 1 +- 07 - 3 +10
Double +"7 +52 +I 02 + 03 +66

NVa/K Single -37 + 2 +I .11 + 414 .1-12
Double +77 +40 + 07 + 80 +08

biaSingle +i21 +14 4- 24 + 19 +20
Double +28 +1.1 + 21 + 15 +20

(Mean Deviation) Single (+ 4) (+24) (-30) (+ 25) (+17)
Double (+27-) (+30) (+ 67) (1- 23) (+38)

Each v'alse Is expressed as perccrit deviation, froms a ,.ostrol value, Valuies for the single crew represent
5 mien studied on% one mtission; those for the double crew tepresenst 8 owen studied on three missions (work/rest

- schedules =10/10 hours).
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PHYSIOLOGIC STRESS DURING DOUBLE-CREW MISSIONS-HALE ET AL.

-ting crificism, comparisons were made of'flight data-that factors-willfb6 eiaborat&d upon inan additional report,
Swere obtained at sinjilar times of day on the-different Baseline, sthudieson thoie members of the double-crew,
days. ,For the time period of 0200-0400 hours ,(EST), while 'highly desirable, were: impractidal, so ground-
there wcre' data for Mission, Days 1, 2, 4, and' 5, and 'based data for another, group of flyers wasdsubsfitfit~d.
the mean deviations were +30%, +34%, +77% and The flight-postflight differences found, by use Of the
93% respectively. For the slightly, earlier time period of pooled data proved to be meaningful both statistically
2200-2400 hours (EgST), iheie ,were data for only'3 of and physiologically, hence.it seemed proper totest for
the flight days (Days 1, 4, and 5). The mean deviations flight-induced modifications of circadian shifts. Physiol-
for these days wei6 +24%, +138%, and, +18%,'respec- ogists have lon used "percent deviation" from a'base-
tively.ý Certain of the vahies for the individual inidices at line (control) level for the purpose, of crudely quantify-
2200-2400 hour (EST) in Day 4 were extremely high ing-specificphysiologic responses to adverse factoiseact-
(ndrepinephrine, +187%; epinephrine, +305%; 17- ing singly or iii combination. Some distortion may result
OHCS, +135%; potassium, +119%, and sodium, from conversionto percentage, so for ordinary purposes

+1"46%). it is'better to express the deviations in absolute terms.
Data obtained during a 7-day staged mission appear For the present purpose, the use of percentage was

in Table IX. The timesof day at which the urinds wer•' merely expedient,,enablifig us to combine the-resultsfor
collected varied with days, and there were times when, a number of interrelated ,ph1ysiologic functions. Flight
some of the erewniembers lacked data. Most of the data surgeons are thus provided with a singm.ý measure bf
represent the period of 0300-1300 hours (EST). Follow- stress; The "mean deviation" for the component, stress
ing the prbeedure used for the 5-day mission, a mean, responses is'not necessarily a precise measure of the ag-
value was derived for each day of flight, and each'daily gregate physiologic response. The subordinate re-
value was expressed as percent deviation from its con- sponses appeal to be weighted41iffercntially when &'

trol. Onlylow-grade stress is indicated by these data. In pressed in percentage terms, s'o the derived valued for
-additiontto~thc c6niparisons'-made in Table-IX, we-also the -group of -responses may -be reasonably -coirect or
considered the day-to-day' differences for one specific civen be .a somewhat conservative measure. -Currently,
period, nanmely, 1000-13000 hours (EST). Data repre- investigators tend to use single stress measures- (for ex-
senting this period were available on Days 2,,3, 5, and 7. ample, urinary epinephrine), but this may over-estimate
The mean 'deviations were +29%, +45%, and +39%, 'the stress, for tNis is, a low-threshold response. In the
and --9%, respectively, present effort, for example, epinephrine' responses were

Table X compares results in single- and double-crew at times not accompanied by 17:OIICS responscs,•which
'C-141 flights. Iii both flights, the grades. of stress (as means that the Stressor had not triggered an important'
measured by the mean deviations) vaiied With time of high-threshold response.
day, tending to increase progressively during 6tienoc- Of importance was the finding 'thct urinary sodiumn
turnal .period, reaching a peak in the period of 0400- was a %'ery sensitive strcss indicator. Sodium determi-
0600 hours (EST7), and-declining in the early forenoon. tions are very simple and rapid, while hormione determi-
De-pite the common pattern ofchange, the single and nations are complicated and' quite time-consuming.
double crews appear to have incurred different grades 'Flight surgeons who might wish to screen for physiolog-
of stress, for the-mean deviation for the 16-hour test pC- ic stress inlarge-scale flying operations would find uri-
riod 'for the double crew was approximately 2 timej nary sodium- (and potassium) determinations very ad-
greater than tliat.f_,? the single crew. The latter crew, Of vantagcou.m. Potassium was especially useful, since it do-
course, bad on-ground sleep periods, whereas the doi- tected residual flight stress.
ble-erew did not.
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